ABSTRACT
INTRODUCTION
The limited proteolysis of hemagglutinin (HA), a surface envelope glycoprotein, is an important step in the infection process by influenza A viruses. This cleavage induces maturation of HA protein and leads to fusion between virions and host cell 50 membranes. However, influenza A virus cannot process HA by itself, because the HA processing protease is not encoded in its genome. Therefore, viral entry into the cells is determined by the host cellular processing proteases (18, 19, 21, 22, 29) . Proteolytic activation of human influenza A virus HA occurs extracellularly by airway proteases, such as tryptase Clara (19), mini-plasmin (25) , and ectopic pancreatic trypsin (22, 24, 55 39). In addition to these secreted-type serine proteases, transmembrane serine protease 2 (TMPRSS2) and human airway trypsin-like protease (HAT) are also candidates for the processing proteases in the membrane in human airway (5). In addition, it was reported recently that TMPRSS2 and TMPRSS4 proteolytically activate the 1918 influenza virus HA (6) . These trypsin-type endoproteases recognize the carboxyl 60 moiety of a single R residue within the sequence Q/E-X-R (where X is any amino acid except C and basic amino acids). Thus, the distribution of these proteases in cells and tissues and their proteolytic potentiation of various strains of the viruses (25) may determine the virus pathogenicity.
As is the case for all highly pathogenic avian influenza (HPAI) viruses of inoculated with tracheal homogenates from dead crows (42). Chicken embryonic fibroblasts (CEF) were prepared from 10-day-old embryonated eggs and maintained with MEM containing 10% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin at 37°C in 5% CO 2 . HEK293T cells (human embryonic kidney cell line) were purchased from GenHunter Corporation (Nashville, TN, USA) and cultured at 37°C in 5% CO 2 130 in Dulbecco's modified Eagle's medium (DMEM) containing 10% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin.
Generation of recombinant virus
Viral RNA was isolated using Trizol reagent (Invitrogen) and cDNA was synthesized 135 using random hexamers. The full-length HA sequence of HPAI A/crow/Kyoto/53/2004 (H5N1) was constructed by PCR. Then, the mutant HA sequence was constructed by changing the R residue to K residue (N'-R-K-K-R-C' to N'-K-K-K-R-C') at the HA cleavage site by site-directed mutagenic PCR. The constructed HA genes were cloned into the pPOLI plasmid (10). Recombinant virus 140 was generated by using a previously described reversegenetics system (3, 7, 10) with slight modification. Briefly, the constructed each pPOLI-HA plasmid was transfected together with other seven vRNA segments (PB2, PB1, PA, NP, NA, M, and NS) of the A/crow/Kyoto/53/2004 (H5N1) genome and pCAGGS expression plasmids (3) for WSN PA, PB1, PB2, and NP into 293T cells that had been coclutured with CEF (7:3). To establish a stable cell line expressing MSPL/TMPRSS13, full-length 180 MSPL/TMPRSS13 cDNA with FLAG tag sequence was subcloned into pIRES-puro vector (BD Bioscience Clontech) at the NotI site, transfected into ECV304 cells and screened for cells resistant to puromycin. 185 We analyzed the amidolytic activities of the enzyme preparations toward various synthetic peptides listed in TABLE 1. The amount of 7-amino-4-methylcoumarin liberated from the substrate was determined as described previously (32). One unit of enzyme activity was defined as the amount that degraded 1 µmol of substrate per min.
Enzyme and inhibitor assay
To determine the effect of inhibitors, enzyme preparations were preincubated for 5
The kinetic parameter (Km) was determined from the double reciprocal plots by using different concentrations of fluorogenic peptides (10-100 µM). 
SDS-PAGE and immunoblotting
SDS-PAGE was performed in gradient gels (10-20%) under reducing conditions 210 according to the method of Laemmli (23) . Immunoblot analyses were performed as described previously (32). After blocking the membranes with 3.5% skim milk in 50 mM Tris-HCl, 150 mM NaCl, pH 7.4 (TBS), they were probed with a 1:1,000 dilution of anti-H5N2 polyclonal antibody or anti-H5N1 monoclonal antibody (4C12) (8) in Values were expressed as mean ± SD. Differences between groups were examined for statistical significance using the Student's t-test, while differences among several groups were examined by one-way analysis of variance (ANOVA). A P value less than 0.05 was considered statistically significant. In addition, the use of the inhibitor has been considered for the treatment of HIV and human cytomegalovirus infection (11, 15) . However, the dec-R-V-K-R-cmk is not specific for furin and PCs and is also known to inhibit the enzyme activities of MSPL/TMPRSS13 and other trypsin-type protease such as plasmin (32), and thus, it may have broad effects by inhibiting the production of bioactive polypeptides. In 
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